A straightforward approach to novel fused β-carbolines namely [1, 3, 5] triazino [1',2':1,6]pyrido [3,4-b]indol-4-ones is presented. The construction of these compounds was achieved by one-pot synthesis involving condensation of 3-amino-β-carbolines with ethoxycarbonyl isothiocyanate followed by amination of the resulting thioureas and finally thermal ring closure of the resulting guanidines which allowed access to the unreported title heterocycles.
Introduction
The β-carboline skeleton is common in the structure of many natural and synthetic products associated with a broad spectrum of biological activities and pharmaceutical properties including sedative, anxiolytic, hypnotic, anticonvulsant, antitumor, antiviral, antiparasitic, and antimicrobial activities [1] [2] [3] [4] [5] [6] [7] as well as phosphodiesterase (PDE5) inhibitors. 8 Also, both natural and synthetic β-carbolines, as well as their analogues and congeners, are of high synthetic interest as important hypotensive agents.
9, 10 The synthesis of several β-carbolines, annulated with aromatic or heteroaromatic moieties, has been reported. These include the benzo-, 11 pyrrolo-, 12 pyrazolo-, 13 imidazo-, 14 pyrido-, However, to the best of our knowledge, no reports have appeared concerning the synthesis of 1,3,5-triazino-β-carbolines. Thus it was deemed of interest to find a facile and efficient methodology to synthesize this hitherto unknown annulated β-carboline ring system. The presumed co-planarity and linearity of this fused polyheterocyclic system could in addition favour DNA intercalation and potentially provide anticancer compounds.
Recently, Demeunynck et al. 21 published a synthetic route to the 2-alkylaminoquinolino[2,3-f]quinazolin-1-one skeleton from 3-aminoacridine 1 (Scheme 1). The authors followed Manimala and Anslyn's methodology, 22 by condensing the aminoacridines with ethoxycarbonyl isothiocyanate followed by coupling with aliphatic amines and deprotection of the guanidine function. The authors noted that the ethoxycarbonyl group of the N-protected guanidino intermediates was ideally positioned to react by intramolecular Friedel-Crafts type substitution to form, in one step, the fused pyrimidinone ring of 3 (Scheme 1). The same paper 21 also described a two-step methodology for the synthesis of substituted 2-propylaminoquinazolin-4(3H)-ones 6 from simple aromatic or heteroaromatic amines 4 (Scheme 2). The preparation of the ethoxycarbonyl guanidines 5 was performed in one pot by careful control of the stoechiometry of the reagents successively added to the chosen aromatic amine dissolved in CH2Cl2. In most cases, the resulting protected guanidines 5 were easily isolated with excellent levels of purity by simple precipitation from water. On the other hand, we ourselves have published 23 in 2002 a quasi one-pot synthesis of 2-amino-4H-pyrido [1,2-a] [1, 3, 5] triazin-4-ones 9 starting from 2-aminopyridine (Scheme 3). The isolation of the two intermediates 7 and 8 was not necessary and this sequence became applicable to parallel chemistry techniques. Very recently, we also described a one-pot synthesis of pyrimidocarbazole starting from 3-aminocarbazoles. 24 We would now like to report a new simple and efficient one-pot synthesis of the hitherto unknown title compounds.
Results and Discussion
As a first approach towards the synthesis of this heterocyclic system we envisaged a synthetic strategy using 3-amino-β-carboline 10 as a starting material. 25 Thus, a solution of compound 10 in anhydrous DMF was treated at room temperature with ethoxycarbonyl isothiocyanate, and to the resulting thiourea 11, the appropriate dialkylamine and HgCl2 were added to obtain the ethoxycarbonylguanidines 12a-i. Heating the DMF solution of the latter compounds under reflux induced a ring closure of the ethoxycarbonyl function into a triazine ring and the products obtained were identified as 2-dialkylamino [1, 3, 5] When the same reaction was applied to the 3-amino-6-bromo-β-carboline 18a using the secondary amine diethylamine, or to the 3-amino-6-nitro-β-carboline 18b using diallylamine, the triazino-β-carbolines 19a or 19b were obtained respectively. 
18a,b were prepared using methyl β-carboline-3-carboxylate 14 as a starting material. 27 Thus, 14 was first brominated to give the 6-bromo derivative 15a, which was treated with hydrazine hydrate to give the corresponding acid hydrazide 16a. Treatment of the latter compound with nitrous acid afforded the acid azide 17a which was subjected to Curtius reaction via acid hydrolysis to give 3-amino-6-bromo-β-carboline 18a. On the other hand, when the ester 14 was nitrated using fuming nitric acid, the 6-nitro derivative 15b was obtained. Following the same three-step sequence of reactions performed on the bromo ester 15a, nitro ester 15b was transformed into the acid hydrazide 16b then into the acid azide 17b and finally, after a Curtius reaction, into 3-amino-6-nitro-β-carboline 18b (Scheme 5). We also attempted to apply the HgCl2 methodology to primary amines (aliphatic or aromatic) but this was unsuccessful and no cyclized products being observed. This failure prompted us to modify our reaction conditions. Thus, an efficient one-pot procedure was found via conversion of the thiourea 11 into the corresponding ethoxycarbonyl guanidines 20a-f by successive treatment with TEA, R(Ar)NH2 and EDCI.HCl (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride). Thermal cyclization of the so-formed ethoxycarbonyl guanidines 20a-f afforded in one pot the 2-alkyl(aryl)amino [1, 3, 5] This latter methodology proved to be general whether starting from primary or secondary amines. Thus, the same 2-dialkylamino derivatives 13a-i, obtained using the HgCl2 procedure, could also be obtained, in comparable yields, via this methodology (Scheme 7). 
Conclusions
In conclusion, we have developed a facile and efficient three-step, one-pot synthesis of a novel class of heteroaromatic-fused β-carbolines namely 2-alkyl(aryl)amino-or 2-dialkylamino-7H- 
Experimental Section
General. Commercial reagents were purchased from Aldrich, Acros Organics and Alfa Aesar and used without additional purification. Melting points were determined on a Köfler melting point apparatus. Elemental analyses were performed at the 'Institut de Recherche en Chimie Organique Fine' (Rouen, France) and they were found to be within ± 0.4% of the theoretical values. IR spectra were recorded on a Perkin Elmer BX FT-IR-ATR System spectrometer. Mass spectra were taken on a JEOL JMS GCMate spectrometer at ionizing potential of 70 eV (EI) or were performed using a LC-MS Waters Alliance 2695 (ESI+) spectrometer. 1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded on a JEOL Lambda 400 spectrometer. Chemical shifts are expressed in parts per million downfield from tetramethylsilane as an internal standard. Thin layer chromatography (TLC) was performed on silica gel 60F-264 (Merck). 3-Amino-β-carboline was prepared as reported in the literature. A mixture of 3-amino--carboline 10 (1.6 mmol) and ethoxycarbonyl isothiocyanate (1.6 mmol) in anhydrous DMF (60 ml) was stirred at rt. for 2h. The reaction mixture was then cooled (0 -+5 ºC), and the appropriate secondary amine (4.1 mmol) and HgCl2 (1.6 mmol) were added successively under stirring. The temperature was allowed to reach rt. and stirring was continued at this temperature overnight. The reaction mixture was then heated under reflux for 1 h, and the formed HgS precipitate was filtered through a celite pad. The filtrate was concentrated under reduced pressure and the solid precipitate was triturated with acetonitrile, filtered, dried and then recrystallized from a large volume of acetonitrile. Methyl 6-bromo-β-carboline-3-carboxylate (15a) . 26 To a stirred solution of methyl β-carboline-3-carboxylate 14 27 (4.5 g; 20 mmol) in THF (300 mL), was added dropwise a solution of bromine (2.1 mL; 40 mmol) in THF (5 mL) at rt. The reaction mixture was then heated at 60 °C for 14 h. After cooling, the solid product was filtered off and treated under stirring with a solution of sodium thiosulfate. The pH was adjusted to 7 by addition of sodium bicarbonate and the white precipitate was filtered, washed thoroughly with water and air dried. Crystallization from ethanol gave colourless crystals (4.1 g; yield 68% 
2-(Azepan-1-ylamino)-7H-[1,3,5]triazino[1',2':1,6]pyrido[3,4-b]indol-4-one (13i). Yellow powder (20%

6-Bromo-β-carboline-3-carbohydrazide (16a).
A stirred mixture of methyl 6-bromo-β-carboline-3-carboxylate 15a (4.0 g; 13.1 mmol) and hydrazine hydrate (35 mL; 460 mmol) in absolute ethanol (270 mL) was heated under reflux for 8 h. After cooling to rt, the precipitate was filtered off and washed with ethanol. 6-Bromo-β-carboline-3-carbohydrazide was obtained as a beige powder (3.1 g; 77%) . Mp >270°C. IR (KBr, cm 6-Bromo-β-carboline-3-carboxylic acid azide (17a). The carbohydrazide 16a (3 g, 9.8 mmol) was dissolved in diluted HCl (3 ml conc. HCl in 70 mL H2O) to give a solution of pH 1. The resulting solution was cooled to 0 -+5 °C, and then a solution of sodium nitrite (0,71 g; 10.3 mmol / 3 mL H2O) in cold water was added dropwise under stirring. Stirring was continued for a further 45 min at 0 °C. The reaction mixture was then made alkaline using sodium bicarbonate solution. The solid precipitate formed was filtered, washed thoroughly with water. The resulting acid azide was engaged directly in the next step without any further purification. Grey solid, Mp (decomposition) 160 °C. IR (KBr, cm -1 ): ν = 2139 (azide), 1683 (CO).
3-Amino-6-bromo-β-carboline (18°).
To a diluted solution of acetic acid (1:1, 120 mL), was added under vigorous stirring the acid azide 17a obtained from the previous step. The mixture was heated under reflux for 2 h. After cooling to rt, the light precipitate was filtered off and the filtrate was evaporated under vacuum. The solid product obtained was crystallized from ethanol to give 18a as yellow crystals (2.3 g; yield 66% from acid hydrazide). Mp >270 °C. IR (KBr, cm -1 ): ν = 3275, 3094 (NH), 1673, 1657 (C-N, C=N) . Methyl 6-nitro-β-carboline-3-carboxylate (15b). 26 Methyl β-carboline-3-carboxylate 27 (4.0 g; 17.7 mmol) was added portionwise under stirring to cold fuming nitric acid (30 mL) over a period of 1 h, keeping the temperature below 5 °C. After 3 h of stirring at 0 °C, the reaction mixture was poured onto a mixture of ammonium hydroxide (75 mL, 33%) and ice. The solid precipitate obtained was filtered and washed with water until neutral pH. Methyl 6-nitro-β-carboline-3-carboxylate was obtained as a yellow solid, insoluble in common solvents (4.6 g; 96%). Mp >270 °C. IR (KBr, cm A mixture of 3-amino-β-carboline 10 (4.8 mmol) and ethoxycarbonyl isothiocyanate (4.8 mmol) in anhydrous DMF (90 ml) was stirred at rt for 2 h. The reaction mixture was then cooled to about 10 ºC, followed by consecutive addition of triethylamine (11.8 mmol), the appropriate amine (7.71 mmol), and finally EDCI.HCl (4.8 mmol). The resulting reaction mixture was stirred at rt for 8 h, heated under reflux for 1 h. After cooling the reaction mixture was concentrated under reduced pressure. 2-(1-Adamantylamino)-7H-[1,3,5]triazino[1',2':1,6]pyrido[3,4-b]indol-4-one (21f) (13a-i) These compounds were obtained following the same procedure reported above for 21a-f using secondary amines instead of the primary amines. They showed the same melting points and analytical data as those prepared via HgCl2 procedure. 13a, yield 35%; 13b, yield 45%; 13c, yield 44%; 13d, yield 36%; 13e, yield 39%; 13f, yield 24%; 13g, yield 22%; 13h, yield 33%; 13i, yield 21%.
